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TABLE 4-continued 
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Concentration in Pans per Thousand of: 


Days Stored befunr Any 
Visible Prccipi nue Formed 


HF 




0.75 


5D 


>30 


10 


3D 


>30 


1.0 


5D 


>30 


IjO 


75 


>30 


10 


10 


>30 



10 



15 



20 



25 



30 



35 



The results in Table 4 indicate that at least 0.50 ppt of HF 
is required to stabilize a composition that contains at least 
5.0 ppt of H£iF a against formation of a precipitate during 
storage under practical use conditions. 

The invention claimed is: 

1. A composition for coating or touching up or bom 
coating and touching up a metal surface, said composition 
comprising water and: 

(A) from about 0.5 millimoles per kilogram to about 240 
railliraoles per kilogram, a unit hereafter abbreviated as 
"mM/kg" of a component of fluorometaliate anions, 
each of said anions consisting of: 

(i) at least four fluorine atoms; and 

(ii) at least one atom of an element selected from the 
group consisting of titanium, zirconium, hafnium, 
silicon, aluminum, and boron, and, optionally, one or 
botbof 

(iii) at least one ionizable hydrogen atom; and 

(iv) at least one oxygen atom; 

(B) from about 0.5 grams/liter to about 10 grams/liter, a 
unit hereafter abbreviated as g/1, of a component of 
phosphonjs^ontaining inorganic oxyanions or phos- 
phonate anions or both phosphorus^ontaiiung inor- 
ganic oxyanions and phosphonate anions calculated as 
the stoichiometric equivalent of H 3 P0 4 ; and 

(C) from about 0.5 g/1 to about 3.5 g/1 of hexavalent 
chromium, 

(D) from about O.IO g/1 to about 2.20 g/l of trivalent 40 
chromium cations; 

said liquid composition comprising not more than 0.06% 
of dispersed silica and silicates. 

2. The composition according to claim 1, wherein: 
the fluorometaliate anions are selected from die group 

consisting of fluorosilicate, flnorotitanate, and fluo- 
rozirconate anions. 

3. The composition according to claim 1, wherein: 
the fluorometaliate anions include fluorozirconate anions; 
the concentration of fluorozirconate anions is within a 

range from about 3.5 to about 6.0 mM/kg, inclusive of 
3.5 and 6.0 mM/kg; 

the total concentration of phosphorus -containing inor- 
ganic oxyanions and phosphonate anions, calculated as 55 
their stoichiometric equivalent as H 3 PO, is within a 
range from about 0.50 to about 1.00 g/1. inclusive of 
0.50 and 1.00 g/1; 

the concentration of hexavalent chromium is within a 
range from about 2.25 to about 3.5 gfl, inclusive of 2.25 
and 3.5 g/1; 

the concentration of cbromium(III) cations is within a 
range from about 1.25 to about 2.20 g/1, inclusive of 
1.25 and 2.20 g/i; 

wherein a ratio of hexavalent chromium to cbronnurn(HI) 65 
ions is within a range from about 2.5:1.00 to about 
1.30:1.00, inclusive of 2.5:1.00 and 1.30:1.00. 



45 



50 



60 



4. The composition according to claim 3 which runner 
includes fluorinated alkyl ester surfactant molecules in a 
concentration that is within a range from about 0.070 to 
about 0. 13 pans per thousand, at unit hereinafter abbreviated 
as "ppt" said range being inclusive of O.070 and 0.13 ppt. 

5. The composition according to claim 1, wherein: 

the fluorometaliate anions include fluorozirconate anions; 

the concentration of fluorozirconate anions is within a 
range from about 18.0 to about 30.0 mM/kg, inclusive 
of 18.0 and 30.0 rnM/kg; 

the total concentration of phosphorus -containing inor- 
ganic oxyanions and phosphonate anions, calculated as 
their stoichiometric equivalent as H 3 P0 4 is within a 
range from about 0.50 to about 1 .00 g/U inclusive of 
0.50 and 1.00 gA; 

the concentration of hexavatenr chromium is within a 
range from about 2.25 to about 3 .5 g/1, inclusive of 2.25 
and 3.5 g/1; 

the concentration of cbromium(IIl) cations is within a 
range from about 1.25 to about 2.20 g/1, inclusive of 
1.25 and 2.20 g/l; 

wherein a ratio of hexavalent chromium to chromium(lli) 
ions is within a range from at>out 2.5:1.00 to about 
1.30:1.00, inclusive of 25:1.00 and 1.30:1.00; and 
further including from about 0. 70 ppt to about 1.3 ppt 
of hydrofluoric acid, inclusive of 0.70 and 1.3 ppt. 

6. The composition according to claim 5 which further 
includes from about 0.070 ppt to about 0.13 ppt fluorinated 
alkyl ester surfactant molecules incltisive of 0.070 and 0.13 
ppt. 

7. A composition far coating or touching up or both 
coating and touching up a metal surface, said composition 
being made by mixing together a first mass of water and at 
bast the following components: 

(A) a second mass of a water-soluble source of fluoro- 
metaliate anions to provide in the composition from 
about 03 mM/kg to about 240 mM/kg of the fluoro- 
metaliate anion, each of said anions consisting of: 

(i) at least four fluorine atoms; and 

(ii) at least one atom of an element selected from the 
group consisting of utamurrx, zirconium, hafnium, 
silicon, aluminum, and boron ; and, optionally, one or 
both of 

(iii) at least one ionizable hydrogen atom, and 

(iv) at least one oxygen atom; 

(B) a third mass of one or more w ater-solubte sources of 
phosphom-containing inorganic; oxyanions, phospho- 
nate anions or both phosptorii containing inorganic 
oxyanions and phosphonate anions; to provide in the 
composition from about 05 g/l to about 10 g/1, calcu- 
lated as their stoichiontic equipollent of H 3 PO A ; and 

(C) a fourth mass of a water-soluble source of hexavalent 
chromium cations to provide the composition with 
from about 05 g/l to about 3.5 g/1 of hexavalent 
chromium canon, 

(D) a fifth mass of a component to provide the composi- 
tion with from about O.10 g/1 to about 2.20 g/l of 
chromium(in) cation. 

8. The composition according to claim 7, wherein: 

the fourth mass comprises nexav^ alent chromium in an 
amount that corresponds, after any reaction with any 
reducing agents for hexavalexnt chromium that are 
mixed together with it to constitute said composition, to 
a concentration of residual be^xavalent chromium in 
said composition that is wiihin a- range from about 0.50 
g/1 to about 3.5 g/L 
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9 . The composition ££££ * - 

composition M > ^^ve oTxSO mM*g 
mM/kg to about 6.0 mM/Kg* « ltiUS * 

and 6.0 mM/kg; . concentration of 

methimmass "-J-*^ Syanions and phos- 
phosphons-contauung morgi^ ; sloic hiomemc 
pbooate anions, calculated » ^ abow 



of fiuonnated alkyl ester composition, 
^spends J. » • "J-BiSSfS r* 0.13 
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patent as *gg2^*5& i*> »* 
030 to about 1 00 ^' add in an amount that: 

corresponds to » chromium tons that b 

!?* a sixth mass of reducing agent that is abo 
together with a sixw w""* . , source of the 
LtedtDto the "* 

said sixth mass of " d "^_ w ^ ro chromic acid, to 
stoichiometricauy. mm J* rf chr— «n> 
a concentration, in said "f^*" l 25 .aM/kg to 

ions that is witoaT^ge trorn^ ^ 

1 - 30:L00 ' si exposition a seventh ma* 

there is also mixed into ^ co ^ molecules that 
of fluorinated alkyl ^"^d composition, 
corresponds to a m J^"q.O70 to about 0.13 
mat is within a range ftom «w>w«- 

ppt, include - W-lf J?t 7, wherein: 
10. The composition accowung w m an 

« ^ concentration of 

the third mass cotre^^^ ^ phos . 
phosphorus^ontaumg tnor^u ^ omeBic eqmya- 45 

pbonate ^jgSSf Jl* from aboutaSOto 
lent as H 3 P0 4 , tbmis wiuui ^ founh 

about 1-OOgA, ^toveofO^ ^ ^ 

corresponds cta omium atoms that k » 

"^ed into the J f fo^sinon; and 
mvalem *^~^^«~*»* 
said sixth mass of ^ d "S ^itb chromic acid, to 
smicmometricaUy. m .^^^SomiumOT) 60 



virion of claim 1» and 

substrate; and , over (be at least 

ta operation d). theUtnud layer isfotmed overt* 

one area of bare metal. ^ m said 

13 The process accoromg to clam > «, « 
Uquid composition used in ^ te group 

the flaorometaUauamo^ ^ and fluo- 

consisting of fluorosuicate, iu»» 
rozirconate anions. wherein, in said 

14 The process according to chum > U. wberem. 

liquid composition used in ^ ziic0iulle ^ons; 

3. 5an d6.0mM*g, K ^ nnl ^oanuning inor- 

and 3.5 g/l; _ /T m - rtT|4! is within a range 

the concentration* cto««^ 'SerfV* and 
from about 1.25 jo about Z20 &J^^ chroniium 
2 . 20 gA; and where* » - J™^ from about 
J^STSSS S:l oTSusive of 1*» - d 

Se of 0.070 and 0.13 ppu 
1 S V process ^.^^Tb- metal 
the surface composes at }^^J?Z ovet m under- 
adjacent to at JJJ»J£ coating 
lying metal f°^ e -*™ *»SSe comprising a first 
over an underlymg metal suoav™= r- d 
^uandasecondp^u^P^^^ 
Ker is formed over both *e coating 
least the first pomon of said aojacem « 

me coating over un ^L^If^oSe conversion 
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aJuminiferous "^XJ^g at least one 
with an acidic treanngi ^ ti uar ozirconate. 
of fiuorosUicate, ^^^p. wherein, in the 5 
16 The process according to » 

Uq "d coition ^JjTi^ anions; 
the fluorometailate jons ^ nu fc ^ 

18.0 and 30.0 niMA& oho ^ bonB <onttining inor- 
the total M ^ n XTohlSoSni°n S , catenated as 
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gam7oxyaaions » d P^^H^^ ^ithin a 

hitrffo^ * 

0.50 and 1.00 g/1; . chromium is within a 
and35gA; v rrtm ; ura nrn ions is within a range 

(he composition includKltuoiH^" j from 

molecules in a »«^S^iSve of 0.070 and 
about 0.070 to about 0.13 ppt, inc.u» 

0.l3ppt. miirhine uo ot both coating 

17 . A plicess for ^.rising at leas, 

and touching up a surface, .^J^a of coating over an 
one area of bare raettMw feast one ^ one of 
underlying "ft £?5 coating over an under- 

bare metal and at least one ^ tag operations of . 

(1) covering the areas to M cw»u. o{ g bqwd 

coated and touche d up * n been 

composition, said l ^ cjJJJ^ waIet and at «o 
made by mixing together ai to* mas* 
least the following "ff^^e source of fluo 
(A) a second mass of ■ ^ composition 

relate ^^^^ 30 mM/kg of the 
from about 0.5 a^'°"™ ^ ons consisting 
fluorometallaie anion, each of saw aw 

t at least ^^^"t'selected fcom the 
(ii) at least one atom f.^Tdrcoaiuin, hafnium. 

(B) a third mass of on* OT ?^;noMHHic oayantoas. 

chromium cation; orovide the compo- 65 

chromiuroaU) «> non ' 



caid composition not comprising more than about 
^oS^Spersed silica and silicates, and 
OdESTI Plover the surface the liatnd layer 

l0 Jp^^^dUye.isf^overu.at.ast 
one areaof bare metaL wherein die liquid 

siuon; and .ocrtfredncinz agent that is also 

together with a sixth ^ owce of the 

Inixed into the composum . » also wei s 
Bivalent chromium «ns for the Wcsm . 

S8 id sixth mass of J^JjRSBEt 
stoichiometncaUy <« £ "JJ™, caromiunKlU) 
a concentration, in said compos^o. 2 2 0 

ioMthMis^a'^foro'JJ* 1231 

* Uidusive to c^mhnaKUl) 

v^eremaranoofbexavalemc^uw about 

mat is within a range from about :Om»» 
ppt. inclusive of 0.070 and (U^ ppt 
21 Tbe process according to claim 20, whetein. 

advent to * ^^atl aTom? area of coating 
^ an^l^m^ Sitrate comprising a hrst 

substrate; and substrate is selected 

the coating over an ^ff^^^coBversion 

"SaSS!^ 235 and aconver- 
coanng, a chromate convci^ _ medoroinandy 

sion coating P^ u ^^r^erous surface 

with an acidic treating smuu r 
of fiuorosUicate, fluoroutanate, ana nuau, 
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22. The process according to claim 19, wherein: 
the second mass comprises fluoro zircon ate anions in on 
amount that corresponds to a concentration, in said 
composition, of fluoro zirconate anions that is within a 
range from about 18 to about 30 mM/kg, inclusive of 
18 and 30 mM/kg; 
the third mass corresponds to a total condition of 
phosphorus -containing inorganic oxyanions and phos- 
phorate anions, calculated as its stoichiometric equiva- 
lent as H 3 PO^ that is within a range from about 0.50 to 
about 1.00 g/1, inclusive of 0.50 and 1.00 g/1; 
the fourth mass comprises chromic acid in an amount that: 
corresponds to a total concentration, in said 
composition, of bexavalent chromium cations within 
a range from about 225 to about 3.5 g/1, inclusive of 
225 and 3.5 g/1; 
is the source of bexavalent chromium for the compo- 
sition; and 

together with a sixth mass of reducing agent that is also 
mixed into the composition, is also the source of the 
trivalent chromium ions for the composition; and 
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said sixth mass of reducing agent corresponds 
stoicUometrically, in its reaction with chromic acid, to 
a concentration, in said composition, of chromiumdli) 
ions that is within a range from about 1.25 to about 2.20 
g/1, inclusive of 1.25 and 2.20 g/1; 

in said liquid composition, there is a ratio of bexavalent 
chromium to chroroium(lll) ions that is within a range 
from about 2.5:1.00 to about 1.30:1.00, inclusive of 
2.5:1.00 and 1.30:1.00; 
there is additionally mixed into said composition an 
eighth mass of hydrofluoric acid that corresponds to a 
concentration, in said composition, that is within a 
range from about 0.70 to about 13 ppt, inclusive of 
0.70 and 1.3 ppt; 

there is also mixed into said composition a seventh 
mass of fluoriuated alkyl ester surfactant molecules 
that corresponds to a concentration, in said 
composition, that is within a range from about 0.070 
, 0 to about 0.J3 ppt, inclusive of O.O70 and 0.13 ppt. 
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